Abstract: This paper discusses the presence of elater-bearing pollen grains and other characteristic paleotropical palynomorphs in the mid to Late Cretaceous Neuquén Group at the El Zampal locality, south of Mendoza Province, Argentina.
Introduction
This contribution focuses on the paleotropical pollen recovered from different lithostratigraphic units of the Neuquén Group at the El Zampal section (approximately 36°32' S, 69°39' W), 115 km to the south of Malargüe, southern Mendoza Province (Fig. I) . At this locality, the purple sandstones of the Candeleros Formation and the base of the Huincul Formation are not exposed (Fig. IIA) . The Neuquén Group includes terrestrial post-orogenic deposits related to the main Miranic Orogeny (also known in the literature as the Patagonidic Orogeny) (STIPANICIC & RODRIGO, 1969; LEANZA, 2010) . Rich remains of dinosaurs and other reptiles have been recovered from various levels of the Neuquén Group (see compilations by LEANZA et al., 2004) . Taking into account the micropaleontological record, calcareous microfossil assemblages including charophytes and ostracods have contributed to the chronology of these continental beds (MUSACCHIO, 2000 (MUSACCHIO, , 2006 (MUSACCHIO, , 2010 .
Previous palynological studies of the Neuquén Group have yielded angiosperm pollen assemblages comprised of diversified pollen types. These include the Fraxinoipollenites fragilis assemblage (?Albian-Cenomanian) in the upper section of the Huincul Formation, the Cretacaeiporites polygonalis level in the Cerro Lisandro Formation (Cenomanian) and the Confossia vulgaris-Cretacaeiporites scabratus assemblage (Santonian-?Campanian) in the Bajo de la Carpa Formation (VALLATI, 2002 (VALLATI, , 2006 (VALLATI, , 2010 Paleotropical pollen grains have been reported from other Cretaceous palynofloras in Argentina, which also include endemic austral taxa, suggesting a mixed character for these assemblages (PRÁMPARO, 1990; VALLATI, 2002 VALLATI, , 2006 VALLATI, , 2010 BARREDA & ARCHANGELSKY, 2006) .
In this contribution, the paleobiogeographic, paleoecological and biostratigraphic significance of the Cretaceous tropical pollen grains in Northern Patagonia is discussed, taking into account their restricted distribution in the Equatorial Region (HERNGREEN et al., 1996) . 
Paleotropical representatives in
Northern Patagonia
Elater-bearing pollen grains
The elaterate group includes several taxa of enigmatic pollen grains with protuberances from the Albian-Cenomanian Elaterates province, originally restricted to northern South America and northern Africa (HERNGREEN & CHLONOVA, 1981; HERNGREEN et al., 1996) . The protuberances that characterize this otherwise heterogeneous group of pollen grains, are only superficially compared to the elaters of the spores of extinct calamitaceans and of Equisetum, the unique extant genus representing the Sphenophyta.
The conspicuous tropical pollen grains, reported here, were mainly recovered from the Huincul Formation in the lower section of the unit (Fig. IIA , Section I). This section includes massive grey and yellowish brown sandstones, interbedded with mudstones, siltstones and purple sandstones. Within this interval, the dark green mudstone beds yielded well preserved palynomorphs including the elater-bearing pollen grain Elateroplicites africaensis and a single specimen identified as Galeacornea? sp. (Fig. III, 8 ). The study of additional material is necessary in order to corroborate the presence of this last mentioned taxon in Patagonia.
Botanical affinity
In spite of the fact that the elater-bearing pollen grains have been intensely studied, their botanical affinity remains a matter of discussion among specialists. The morphological characteristics of these grains are unknown from extant pollen grains and up to now in situ specimens have not been found. A probable ephedroid affinity for the elaterates has been proposed by different authors (DINO et al., 1999; SCHRANK, 2001) . The elaterates are, otherwise, suggested to have been a group of extinct plants with sophisticated mechanisms of pollination, which developed and diversified in the paleotropics.
Biostratigraphic and paleoecological aspects
The elater-bearing grains have a restricted stratigraphic distribution. They appeared in the Lower Albian sediments of the low latitude region, diversified, became numerically important in the Upper Albian-Cenomanian stratigraphic interval and disappeared at the top of the Cenomanian during the rapid diversification and rise to dominance of the angiosperms (HERNGREEN & DUENAS JIMENEZ, 1990; HERNGREEN et al., 1996) . Elateroplicites, in particular, is restricted to the Middle Albian-Cenomanian interval (HERNGREEN et al., 1996) . The record of elater-bearing grains supports the previously suggested ?Albian-Cenomanian age for the Huincul palynoflora at El Zampal (VALLATI, 2006) .
The paleotropical Elaterates Province represents warm arid or semi-arid conditions (HERN-GREEN et al., 1996; ZOBAA et al., 2013) . The presence of Elateroplicites at the latitude of Northern Patagonia suggests the southward migration of favorable conditions for the expansion of the elater-bearing grains. Its restricted stratigraphic distribution in the lower section of the Huincul Formation at El Zampal should be analyzed considering the probable fluctuating environmental conditions related to the main Miranic Orogeny. These tectonic movements were responsible for changing the regional slope from the Pacific to the Atlantic, and conesquent physiographic changes. In this sense, it is stressed that the Fraxinoipollenites fragilis assemblage, previously recognized in the upper section of the unit (Fig. IIA, Section II) , which is dominated by angiosperm pollen grains and has few Classopollis and polyplicate grains, suggests a humid climate (VALLATI, 2006).
Periporate pollen grains
The genus Cretacaeiporites includes Cretaceous spherical periporate pollen grains with a characteristic scabrate pore membrane.
Previous palynological studies of the Neuquén Group have highlighted the presence of this pollen type (VALLATI, 2006 (VALLATI, , 2010 . Cretaceiporites polygonalis was reported from the Cerro Lisandro Formation characterizing a palynological level (VALLATI, 2006) . Cretacaeiporites scabratus was, in turn, reported from the Santonian-?Campanian Confossia vulgaris-Cretaceiporites scabratus assemblage in the younger Bajo de la Carpa Formation, in the upper levels of the Neuquén Group (VALLATI, 2010) . In the present contribution, the species C. scabratus is also reported from the upper section of the Huincul Formation (Fig. IIA, Section II) .
These records from the Neuquén Group suggest that the periporate pollen type was well diversified by the mid to Upper Cretaceous of Northern Patagonia. HERNGREEN (1974) suggested that the species Cretacaeiporites scabratus had an affinity with the genera Trimenia, Thalictrum and Alisma. BOLTENHAGEN (1975) also noted the similarity of some species of Cretacaeiporites with pollen of the family Caryophyllaceae. More recently, FRIIS et al. (2011) considered the presence of Cretacaeiporites scabratus in the mid to Upper Cretaceous of Brazil and Africa, as the oldest potential record of the Trimenaceae.
Botanical affinity

Biostratigraphic interest
Cretacaeiporites scabratus is distributed in the Albian-Campanian of Brazil (see VALLATI, 2010 ) and the Upper Albian-Santonian of northern Africa (M.S. MAHMOUD & A.E. MAHMOUD, 2007) . Cretacacaeiporites polygonalis is a conspicuous element in paleotropical Middle AlbianEarly Cenomanian assemblages of Brazil, África and Perú and decreases in abundance in the Upper Cenomanian, when the triporates are first recorded.
Triporate pollen grains
Confossia vulgaris is a triporate pollen grain of uncertain botanical affinity. It represents a pollen probably endemic to South America and is present in the Patagonian Austral and Neuquén basins (STOUGH, 1968; PÖTHE DE BALDIS, 1995; VALLATI, 2010) and in different Brazilian marginal basins, where it is distributed in the Santonian-Middle Campanian stratigraphic interval (REGALI et al., 1974; REGALI, 1989) . This angiosperm marker pollen characterizes the palynomorph assemblage Confossia vulgaris-Cretacaeiporites scabratus (Santonian-?Early Campanian) recovered from the Bajo de la Carpa Formation in the upper levels of the Neuquén Group at El Zampal (Fig. IIB) .
Polyplicate pollen grains
Cretaceous assemblages of the Equatorial Region are characterized by the common distribution of gymnospermous pollen with straight or twisted ribs (HERNGREEN et al., 1996) .
Although not abundant, this pollen type is well diversified in palynological assemblages at different levels of the Neuquén Group. In particular, the liver-red colored siltstones and claystones of the Cerro Lisandro Formation and the Bajo de la Carpa Formation include several species of the genera Equisetosporites, Steevesipollenites, Gnetaceaepollenites and Singhia (VALLATI, 2006, 2010) .
New reports of polyplicate pollen grains are herein presented for the same samples including elaterates in the lower section of the Huincul Formation. Among others, Equisetosporites cf. evidens and some specimens with irregular and sinuous twisted ridges, included as Equisetosporites spp. are recognized (Fig. III, 17-20 
Conclusions
Distinctive paleotropical pollen taxa (Elateroplicites africaensis, Cretacaeiporites spp., Confossia vulgaris, polyplicate pollen grains) have been identified in the Neuquén Group at El Zampal, south of Mendoza Province.
The occurrence of these conspicuous paleotropical pollen grains in mid to Late Cretaceous Patagonian palynofloras suggests the southward migration of warm climatic conditions during this chronostratigraphic interval.
These pollen types represent significant palynological markers for the entirely terrestrial red beds of the Neuquén Group.
The presence of the paleotropical species Cretacaeiporites polygonalis, Cretacaeiporites scabratus and Elateroplicites africaensis in different units of this group is unique in Argentina.
The occurrence of elater-bearing pollen species in the Huincul Formation represents the southernmost known report of this pollen type. Its restricted presence in the lower section of the unit may be indicative of specific (drier?) environmental conditions. The record of Elateroplicites africaensis in the Huincul Formation supports the ?AlbianCenomanian age previously suggested for the Fraxinoipollenites fragilis assemblage recognized in the upper section of the unit (VALLATI, 2002 (VALLATI, , 2006 .
